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Introduction 
Man has always been a curious creature, from exploring neighboring countries to discovering new 
continents across vast oceans solely out of curiosity. Now we have ventured into the realm of space 
and with it comes new hardships. It currently takes us roughly 3 days to get to the moon and about 7 
months to reach Mars using chemical rockets (our closest planet after the inhospitable planets Venus 
and Mercury). The projects also cost on average $20 billion each and 3 times more with manned 
missions. The aim is to prove that nuclear energy can be an effective method of space travel if 
alternative propulsion methods and fuels are introduced such as ion, deuterium/tritium and jet fuel. A 
main aim of the project is to change the general idea that all nuclear power is bad, we intend to tackle 
this perception with facts. 
 
The reasons to travel into space are many. These include all the potential scientific knowledge that can 
be gleaned from exploring other celestial objects, as well as the more commercial benefits, such as new 
resources. Among these is the potential fuel of what many suspect will be the future of energy 
production, fusion reactions. And last but not least, the fact that humanity has a permanent presence 
on another celestial body will inevitably prolong the lifespan of the human race as a whole. 
However, since the inception of the space age, humanity has relied almost exclusively on chemical 
rockets to send humans and robotic payloads into earth orbit and beyond. This method of propulsion, 
while having undoubtedly accomplished amazing things such as the Apollo moon landings, is 
notoriously wasteful and relatively inefficient. Getting three people and their small spacecraft to the 
moon required a skyscraper sized rocket to be used up and thrown away. Due to the immense cost of 
this, mankind hasn't returned to the moon in decades, and still costs huge amounts of money to get a 
small amount of people and equipment into orbit today. 
 
It is clear that another, more efficient and powerful way of propelling payloads into orbit and across 
the vast distances that interplanetary and interstellar missions entail. While things like space elevators 
and antimatter propulsion systems are still far off fantasies that have a slew of problems that cannot 
be solved with present day technology, there is one suggested method of spacecraft propulsion that is 
both feasible with modern day technology, and is capable of propelling spacecraft to a not 
insubstantial fraction of the speed of light, rendering interplanetary, and even interstellar, human 
space efforts suddenly far more feasible. However there are quite a few problems with this propulsion 
method that must be overcome. 
This method of propulsion is called nuclear pulse propulsion, and it works by harnessing the power of 
nuclear explosions to accelerate a spacecraft. The propulsion method, while being able to get 
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significantly bigger payloads up to previously unheard-of speeds, does bring with its fair share of 
problems, which have resulted in it not being used thus far. In this project, we would like to look at 
how some of these problems can be solved.  Amongst these problems is the issue of significant 
radioactive fallout that would be produced from a nuclear pulse propelled ground launched craft. We 
would like to, among other things, look at the possibilities of reducing this fallout. 
 
The key case study amongst others that the group will be focusing on is the 1950s-1960s Orion 
project. Its impact on the space community and the actual mechanisms introduced in the project. Why 
it was rejected by the US government and NASA, and the problems the project faced as a whole 
including the general public's opinion on nuclear energy. 
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Aims 
 
Our focus changed substantially during the making of the project and so our aims had to be 
suitably changed. The original plan was to tackle the issues of space travel towards mars and 
the establishment of a mars colony. Then the realisation came that it would be too much to 
handle during the semester. As focusing both on the journey towards Mars and the different 
types of fuels/engines needed to propel the rocket would give us a very broad analysis and 
would not fully answer our semester thematic constraints. 
The decision was made that the project would attempt to find the best method of rocket 
propulsion by comparison of the thrust to weight ratio and the specific impulse of four main 
engine types: Nuclear, Chemical, Plasma and Jet. 
 
Our main aim was to find the most efficient rocket that could escape earth’s gravitational pull 
as the initial launch is the most important of any space mission.  
The secondary aim was to create a table with data collected during the project. a visual 
representation of our results would help the reader come to a simple conclusion. 
Other aims included, creating a survey (using survey monkey) for the general public and for 
students at Roskilde University. The survey would include 3 open ended and 2 closed 
questions. The results would help establish the issues surrounding one of the usages of our 
main engine types, nuclear power. 
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Abstract 
This project aims to provide the reader with a comprehensive insight into the potential of nuclear fuels 
to accelerate spacecraft propulsion, shorten journey times and broaden our exploration of space. 
The current methods of space propulsion offer little in the way of efficiency in terms of cost, time and 
henceforth investment and research. The dwindling resources of the planet plus the exponential rise of 
overpopulation will ultimately push us towards exploration of worlds further afield than our own 
planet. Whilst it may seem somewhat obtuse and mystical, the technology currently available to us has 
advanced significantly since the inception of space exploration in the 1960’s with fusion generated 
power a more realistic source of energy. This paper aims to explore ways in which we can harness 
modern technology and combine it with existing research and assess the plausibility of redefined 
methods of space travel.  
Our project has explored the emerging technologies of fusion and fission in the context of space 
propulsion engines as well as assessing the reality of nuclear explosions as a form of propulsion. We 
have defined the physical requirements faced by promoters of space flight and tried to compare the 
viability of existing and emerging technologies into a vision of the future. A lot of work is theoretical 
and so we have tried to use real world examples to enable the reader to gain a clear view of project as 
a whole. History, it turns out had a lot to offer from the top secret files of project Orion, a real life 
experiment on the use of nuclear explosions in space propulsion to the modern VASMIR plasma 
engine, a recent NASA funded endeavour at using plasma as a thrust in space engines.  
The main outcomes of this paper were a realisation that the biggest hurdle in the exploration of space 
was the initial overcoming of the earth’s gravity, to break the barrier of its pull and escape with 
sufficient velocity to enable efficient, cost effective space exploration for future generations. As it turns 
out, there has not been a great deal of investment and consequent development of take-off technology, 
owing to its extremely high cost and relatively low rate of return. Ultimately, science and technology 
are profit driven and unless some radical discoveries are made that enable a profit to be gleaned from 
these projects they will unfortunately late stagnant in the water, either that or real world disasters will 
force out hands in to action. 
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Theory 
This section aims at giving the reader an overview of the history and development of rockets and 
space flight and how it relates to our project. 
History of space travel  
Pre 20th century 
The great and enormous space rockets you see being used today by space agencies are the results of 
2000 years of research and experiments. 
The natural philosopher Archytas (428-347 B.C.) incorporated biomimicry technology in his ‘flying 
bird’ device, where it was propelled by compressed air. The bird was placed on a metal stick which 
revolved around a pivot see pictures below. 
      
 
iFig 1. Variation of the flying bird where water is heated and the steam produced causes the bird to fly off 
producing some thrust  
The birth of rocket science begins with the 17th century scientists Galileo Galilei and Isaac Newton. 
Galileo proposed and proved that an object in continuous motion does not need the continuous force 
applied to keep it going, he named it ‘inertia’. This property of matter results in it resisting changes in 
velocity.  Newton would use the idea of inertia to formulate and incorporate into the newton laws of 
motion to form three elegant laws; 
With various other prominent scientists developing on the ideas of their predecessors. Their purpose 
of making these rockets was only intended for warfare such as Mysore’s Hyder Ali’s innovation of 
using metal cylinders made from hammered iron. The use of iron increased bursting pressure. Which 
allowed the gunpowder (propellant) to be packed to a greater density. This permitted the rockets to 
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have a higher thrust and range. The range has been quoted to have reached about 914.4 metres. 
Relatively speaking it was an outstanding figure during the 18th century. ii(Ley 1958) 
 
20th century 
 
At the turn of the 20th century physicists such as Tsiolkovsky introduced the theoretical problems of 
using rockets in space. But it wasn’t until the 1920s that anyone began to actually design the modern, 
liquid fuelled type of rockets that were displayed in the 1960s. 
  
 
Robert Goddard pictured above, considered as the father of rocketry, accomplished the world’s first 
launching of a liquid-fuelled rocket from his Aunt’s farm. He would later produce 31 successful flights 
including one which would reach roughly 3km off the ground in 22.3 seconds. (Staff, 2010) 
Germany would later take initiative when it came to evolving rocket development for usage during 
World War 2. They launched V-2 guided missiles towards Britain and caused devastating effect. The V-
2 missiles had  
 Range of 320km 
 A thrust of 311.8 kN 
 A specific impulse of 239 seconds 
 
This is a significant increase since the inception of the ‘iron rocket’ that Hyder Ali introduced. Rapid 
changes would take place during the 1950s and 60s. Including major projects such as Orion and the 
Apollo missions.  
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In 1957 the USSR successfully launched sputnik I. this launch ushered in new political, military, 
scientific and technological developments. The event marked the start of U.S-U.S.S.R space race. 
Less than a month later the U.S.S.R launched another sputnik satellite and placed a dog named Laika. 
The sputnik I had a thrust of 970 kN, specific impulse of 308 seconds and a payload of about 500kg. 
 
1 Museum pic of the ‘flying bird’  http://kotsanas.com/gb/exh.php?exhibit=2001001  
11 Ley E 1958 Rockets, missiles, and space travel. Chapman & Hall, London 
The first human in space 
 
Humanity had passed a great milestone on April 12, 1961. Cosmonaut Yuri Gagarin was launched into 
space inside of a spherical Vostok 1 capsule. He orbited Earth for 108 minutes and landed safely in a 
Russian field. 
The Vostok 1 had marvelous capabilities which included a burn time of 118 seconds, a thrust of 3.88 
MN (meganewtons) and Isp of 313 seconds for the first stage rocket boosters. (Wall, 2012) Gagarin 
became a global household name. Sadly he wouldn’t see other human spaceflight achievements that 
his mission helped set in motion. 
Credit: NASA 
 
 
The Marshall Centre’s first major program was development of the Saturn rockets. The Saturn V, first 
launched on November 9, 1967, was the most powerful member of the Saturn family producing as 
much power as 85 Hoover Dams. (Wright, 1985) 
 
Apollo 11 
 
Many people around the world could tell you where they were, on the evening of July 20th 1969. 
Chances are they were watching the TV as Neil Armstrong touched down on the moon’s surface.  
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The public’s opinion in favour of human exploration on the moon almost never went above 50%, this 
is contrary to what the space community wants. Such findings suggest that the U.S. did not go to the 
moon because of public appeal. But because it fit the greater political purpose during the cold war. 
(Staff, 2010) 
 
 The rocket used was the Saturn V SA-506 with a launching mass of 45,702 kg and a landing mass of 
4,932 kg. The spacecraft was down to just 10% of its original mass showing that what contributed to 
the heavy weight was in fact the fuel needed to escape earth’s gravitational pull. 
 
 
 
The Apollo 11 Saturn V nears the end of its trip to the Launchpad  
May 20, 1969 
 
The inception of the space station 
 
The 1970s proved to be an exciting era for spaceflight. The Russians decided to establish some sort of 
colony in earth’s orbit. The craft they used, the Salyut 1, was primitive compared to the current 
International Space Station. The structure was reported as being 20 by 4 metres.  
The first cosmonauts attempting to enter the Salyut 1 on 23rd April 1971 experienced technical 
problems which prevented docking.  A few months later June 7th the Russians attempted again and 
succeeded in docking. The crew was flying aboard the Soyuz 11 spacecraft. 
 
On November 2000 The International Space Station (ISS) opened its doors to one NASA astronaut and 
two cosmonauts. They lived on the ISS for more than 4 months. The 100 billion dollar orbiting 
laboratory is the most expensive structure ever built by NASA. The station is shared by NASA, ESA, JSA 
and many other space agencies from around the world. It’s used to perform a variety of experiments 
and gain knowledge that could help maintain crew health and performance in space.  
(Wall, 2012). 
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The present and future 
 
With private companies establishing their place in space and attempting to compete with government 
funded organisations such as NASA and ESA. The sky is clearly not the limit, for companies like Space 
Exploration Technologies (SpaceX) which launched its Dragon capsule on top of a Falcon 9 rocket. The 
table below shows technical overview of the Falcon 9 rocket. 
 
Height 
(m) 
Mass 
(kg) 
Payload 
to LEO 
(kg) 
Launches 
to date 
Diameter 
(m) 
stages Payload 
to GTO 
(kg) 
Burn 
time 
(s) 
engine Thrust 
(kN) 
70 541300 13150 19 3.7m 2 4850 397 1 934 
 
The future holds a lot of potential for space exploration, with humanity starting to focus on the next 
milestone, mars. New ideas are being registered and formulated. One example is the wild idea of using 
a slingshot to shoot space probes and payloads into space. 
 
A sling maintains a constant string length as the user tries to whirl it faster and faster. The slingatron is 
styled around a modified version where the string constantly extends and string is replaced with a 
steel track. As the payload or space probe moves around the track its speed increases until it reaches 7 
km/s which is enough to hurl it into LEO.  
 
 
 
This artist's concept shows a smaller version of Hyper V Technologies Corp.'s Slingatron launch system for launching 
smaller payloads into space at higher velocities. 
Credit: Hyper V Technologies Corp 
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There have been recent discussions on mining asteroids and manned missions to Mars. These new 
milestones pose problems of launching sufficient supplies into space. Each time there is an increase in 
weight, there is also a significant increase in cost making the dream into reality a more daunting task. 
Rockets/engines 
used over the 
years 
Thrust 
(kN) 
Range 
(m) 
Altitude 
(km) 
Isp (s) Burn 
time (s) 
Height of 
the 
rocket 
(m) 
Mass 
(kg) 
“flying bird” -  200 -  -  -  0.50  1.0 
Mysorean 
rocket  
-  900-2000 -  -  -  1.2 2.0 
Goddard first 
lox-rocket 
-  56 0.00125 -  2.5 3.0  
V-2 311.8 3200 88-206 239 16.5 14 12500 
Sputnik 1 970 - 577 308 430 30 83.6 
Vostok 1 3883 - 166 315 118 31 281,375 
Saturn V 34020 - 384,400 421 500 116 2.9*10^6  
Falcon 9 934 - 577 304 397 70 541300 
 
The table above gives you an idea of the evolution of the rockets, their statistics and how the trend 
shows a gradual increase over the period of more than 2000 years. Except if we take a look at the huge 
changes in the values for Vostok 1 and Saturn V. we see an overwhelming change as we reach the 
climax of the space race. 
 
 
Societies and Medias thought 
The perception of nuclear power by the public has always been an effective factor in its development. 
Power plant disasters such as Chernobyl, Fukishima and of course the atomic bomb drops on 
Hiroshima and Nagasaki which prompted a backlash of humanitarian endeavors to restrict and control 
the powers of nuclear technology.  
12 
 
During our investigation of this project we have looked at public opinions dating from the inception 
and first industrial uses of nuclear power to today’s viewpoints from a public level. We hope to show 
how the dissemination of information through the media, has shaped the publics opinion and how that 
has been changing over the past 4-5 decades. 
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Different engines 
 
Alternative rocket types are necessary to overcome the limitations of the chemical rocket. Various 
types have been produced: 
1. Nuclear thermal rockets: 
Though this type of rocket may produce a little bit of fallout in our environment, depending on 
your location, you can easily reduce the consequences.  
The famous Orion projects formulated in the 1960s is a great example. These rockets heat a 
working fluid (water/hydrogen) to an exhaust velocity of about twice that of the best chemical 
rocket 
2. Reusable/single-orbit nuclear thermal launchers/solar thermal rockets: 
 
Most scientist are hesitant about these rockets as they require the use of nuclear thermal reactors. 
General public image of these devices has not been so great in recent years. However some of the 
technology used in the nuclear thermal rockets can be used in the solar thermal rocket.  
How it works is that the sunlight is focused on the working fluid which then goes through a nozzle 
at an exhaust velocity comparable to that of the nuclear thermal rocket 
 
3. Nuclear pulse rockets: 
 
The most dramatic and exciting to watch would have to be the nuclear pulse rockets which work 
by the thrust produced from the bombs which explode about 20 feet away from the rocket. Their 
fuel consists of nuclear charges (Deuterium/tritium) 
Fusion charges also known as hydrogen bombs and matter/antimatter combinations could 
conceivably propel such a space craft. This type of rocket will be our main focus of our project. 
 
4. Plasma rockets/VASIMR: 
 
VASIMR stands for variable specific impulse magneto-plasma rocket. It heats plasma which is an 
electrically charged gas to extremely high temperatures using electromagnetic waves such as radio 
waves. Strong magnetic fields direct the plasma out of the engine to produce thrust. 
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The Orion Project (Nuclear Pulse Propulsion) 
 
During the 1930’s and 40’s a large team of theoretical physicists, mathematicians and engineers was 
assembled in a purpose built camp at Los Alamos, Arizona. Their mission was to develop weapons to 
aid the allies and bring to a halt the impending threat of Nazi Germany. Within this team were sub 
divisions specifically trying to harness the power of a nuclear reaction, we know of the atomic bomb, 
but the lesser known Orion project was born here, an attempt to use nuclear reaction in pulse 
propulsion and space flight.  
This sections aims at giving the reader an overview of the Orion project and what we learned from the 
research undertaken there. 
Considerations of Space travel on the human body 
Firstly let us consider the effects of space travel upon the human body and hereby gain some 
perspective on what the scientists were dealing with. 
Long periods of travel cause undue stress on the physiology of humans – factors such as; 
- Micro gravity (the gravity of the earth reduces the further away from it you travel; this can 
affect the muscles and skeletal structure over prolonged periods),  
- Psychological stress from periods of prolonged isolation  
- Severe radiation environment of space. 
 
To combat these issues we can implement features and equipment that reduce the health risk of long 
duration space missions. Artificial Gravity (such as NASA’s centrifuge gravity simulator on the ISS*), 
Radiation protection (improved levels of shielding from carbon Nano-tube based technology), Health 
monitoring systems and Enhancers. But these all add to the weight of a spacecraft and ultimately cost 
more to launch. 
Another method is to reduce the trip time by travelling faster. We could use other methods of fuels 
such as fusion (*), anti-matter (*) and beamed energy (*). All of these have weaknesses though that 
must be resolved before they can be applied practically. For example fusion is still only possible using 
a fission driven reaction, which is costly and dangerous. Antimatter is also extremely costly to produce 
and has an extremely low propulsion efficiency* and beamed energy requires power conversion 
beyond current state of the art methods. 
Eventually these issues will be undoubtedly overcome, but there is no guarantee that these systems 
will yield sufficient results.  
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Firstly we must investigate the existing technologies and attempts made before, beginning with 
Project Orion – A 1960’s American led attempt to use Nuclear explosions as a form of Space craft 
propulsion. Headed by the British theoretical physicist and Mathematician Freeman Dyson, project 
Orion ran for just over 12 years before its funding was cut and it was decommissioned. The files were 
confidential and the information withheld, until the last decade when parts of the project were 
released into the public domain and the reasons for the projects decommissioning finally revealed.  
It may seem improbable that anything could survive even at the peripheries of a nuclear explosion, but 
this research has shown us that there are some materials, under special conditions, that can. Not only 
can the material survive the detonation but the energy generated can then be converted from blast 
energy to kinetic and harnessed to provide propulsion. 
 
*NASA’s efforts to manage health and human performance risks for space exploration Report No. IG-16-003 October 
29 2015 
*Antimatter Production for Near-term Propulsion Applications G.R. Schmidt, H.P.Gerrish and J.J. Martin NASA 
Marshall Space Flight 
Issues and insights from Project Orion 
A problem arising here was the controlling and directing of the blast. (An issue in the Orion model was 
that of the miniaturisation of a nuclear device, a single blast from a large source would be difficult to 
control but Orion proposed a controlled number of explosions from miniaturised detonations to 
provide sufficient thrust in small packets. Unfortunately this would prove to be one of the biggest 
downfalls of Orion in that the miniaturisation of a nuclear bomb could cause massive threats on a 
global scale). 
The second issue that arose from the idea of project Orion was creating a vehicle that could cope with 
the mechanical and thermal effects of a nuclear blast.  
The earliest test of the physical demonstration of nuclear pulse was by physicist Lew Allen at the 
Eniwetok Island nuclear facility in the Pacific Ocean, code named Viper. By detonating a 20 kiloton 
nuclear device 10m away from two 1m diameter graphite-coated spheres, upon finding them again 
several kilometers away, they showed only a few thousands of an mm of ablation from the surfaces. 
The interiors were unscathed. So it was shown that nuclear detonations, even at close quarters, could 
be sufficiently dissipative of heat and radiation to warrant further testing and potential for larger scale 
use. 
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There are two types of nuclear pulse concepts. Both differ in how the energy is converted from nuclear 
explosion to kinetic. In both cases several nuclear pulse units are ejected then detonated relative to the 
vehicle. How is the thrust created? Two ways – Thermal equilibrium and x ray mode 
As a units Isp increases, X-ray mode becomes dominant in propulsion – that is to say as x rays form 
from the expanding shell of a plasma fireball and ionized debris (from the fission reaction) a shock 
wave is created that propagates through the plates interior and is reflected back to the surface (in the 
pusher plate model)* some of the plate is ablated also by the x rays. The thrust is caused through the 
ablation and spallation from the reflected shock. This transfers momentum to the vehicle through the 
pusher plate. The plate receives a few milliseconds of millions of degrees Celsius (10^6K) (thermal 
loading). The interaction time is so short that no heat transfer occurs. A protective layer of opaque gas 
is formed either by the radiation induced from ablation or the subsequent plasma impingement 
(impact) keeping erosion within acceptable levels.  
Pusher plate 
A spring-like transference of momentum, absorbing the blast energy and transferring/converting it 
into kinetic energy in the form of the smoothing of momentum between the pulses. No attempt is made 
to confine the reaction, so less worry/more room for material temperatures and pressure limits. The 
pulsed nature minimizes the time temperatures are maintained, if they were constant the vehicle 
would be destroyed.  
 
With the external pulse propulsion it is thought that given the efficiencies of the explosion, its 
direction and velocity, that the ISP can be expected to be between the ranges of 3000-10000s. 
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Limits of ISP due to ablation and spallation can be overcome with a magnetic field to shield the surface 
from high energy plasma. The repulsion of the plasma from the magnetic field causes an increase in 
flux density until it reaches zero and then accelerates away from the pusher plate. The plate’s surface 
is then buffered away creating thrust. However high temperature neutral particles remain unaffected 
by the magnetic field, except that they will be mildly decelerated by the density of the charged more 
populous particles. Magnetic shielding can be used to create an even higher ISP of potentially 50,000s 
and above on lower yield masses of fissile material, although attaining Isp beyond 50,000 would be 
difficult as most pulse unit energy is lost in thermal radiation. It was estimated that it would take 
around 800-1000 bombs to get the Orion prototype into a low earth orbit, escaping earths 
gravitational pull.* 
*http://www.islandone.org/Propulsion/ProjectOrion.html – Stanislav Ulam 
Internal NPP –  
A pulse explosion takes place inside a pressure vessel and is released through a nozzle. This requires a 
lot of propellant/fluid/coolant to keep the chamber within reasonable temperatures and avoid total 
destruction, thus maintaining ISP’S of roughly 1500s, also with an internal NPP greater masses are 
required to create greater ISP’S negating the effectiveness of the system compared to the EPP.  
Project Orion is External NPP. 
Apart from the political and environmental issues raised by an ENPP the technology yielded some 
interesting results… 
The estimated cost of Orion to make it flight operational was $100 million per year for 12 years. This 
does not include the estimated cost for the thousands of smaller items that a program may require 
such as spacesuits and instruments. However even if it were out by a factor of 20, the revised cost 
would have been $24 billion dollars, the same as the Apollo program. 
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It was found that the length of time of radiant heat from the plasma was so small less than 1ms that a 
sufficient shielding of steel or titanium was enough for the plate.
 
 
History and future of Orion 
Orion was suspended in 1959 by ARPA (advanced research project agency) (NASA was also formed 
the year before and took no interest in NPP). From here the air force picked up the project with the 
aim of using it as an orbiting weapons deployment system. From 1963-65 NASA funded the study – 
they raised questions about the viability of the mission as no guarantee could be made on the safety 
aspects of the spacecraft. For example what if the spacecraft blew up, what if the pulse units detonates 
inadvertently? In August 1963 nuclear test ban treaty was put into force further restricting the 
potential of Orion. In 1965 the Declassified material was released for outline of the first vehicle. Finally 
in December 1964 Orion’s funding was revoked.  
The whole project cost 11$ million over 7 years. In today’s terms that is about 1/10th of the cost of an 
Apollo mission. Another problem with Orion was that no specific mission existed that demanded such 
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a system. However there were later explorations of using Orion as a potential system for the repulsion 
of Asteroids and Comets entering the orbit of Earth. This may be of some use in the future and it 
appears that NASA thinks so too as it was recently discovered during a TED talk by George Dyson, son 
of Freeman, that NASA still operates a program investigating project Orion should an impending threat 
of asteroid collision occur. 
 
What we learned from Orion - Technological issues 
Orion showed that self-contained fission explosive propulsion is feasible and that large vehicles are 
required to obtain the high ISP that make NPP superior to other forms. Pulse unit performance needs 
to be enhanced to become more effective convertor of pulse unit energy into vehicle momentum 
Advances in Technology may allow the use of lightweight Carbon based structures to develop the 
pusher plate and momentum transfer assembly. As this was based upon technology of the 1950’s and 
60’s. Carbon is immune to neutron damage and exhibits strength at high temperatures. Titanium alloys 
and cement based products have also not been considered as potential solutions or improvements on 
existing issues. Material advances could reduce the mass of the vehicle whilst improving the ablation 
characteristics of the pusher plate technology. ISP is directly affected by ablation. The time at which 
the upper limit of plasma interception velocity is reached by the plate restricts the level of ISP 
achieved. By lowering standoff distance requirements with more ablation resistant materials 
improvements on ISP can range from 20-40%. 
Another material development is that of Carbon nanotubes; these structures can provide near total 
reversible energy absorption and release on to the pusher plate. General improvements can be made 
on the efficiencies of the materials and shock absorbers using advanced computer modelling 
techniques. 
Electromagnetic fields could replace the pusher plate altogether, whilst working in the same manner 
of momentum transfer. 
Environmental issues 
Could the Spaceship be launched from Fukushima or Chernobyl? Studies show that the fallout from the 
failure of the nuclear power plants is almost 150 times greater than that from a nuclear explosion, 
could we then use these areas (with the proper shielding) to launch such a craft? Obviously there 
would be massive international rejections to proposals like this considering all factors. However this is 
something that could be considered in the future, should it be required. Sub orbit detonations could 
also be considered as in the Saturn V model, were it presents no hazard to the earth. Freeman Dyson 
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calculated that no more than 1% of contamination to the atmosphere would have been carried out by 
the most extensive of the imagined flight plans for Orion circa 1960. Solar winds and cosmic 
background radiation provide levels much greater (many orders of magnitude) than that of the most 
liberal use of a nuclear explosion in space. 
The incredible amount of data collated from the numerous nuclear tests carried out over the years 
could obviate the need for testing. Demonstrations/Tests could also be performed in space at safe 
distances from the earth. Methodologies for simulating radiation and debris are much more advanced 
now. Crew safety is obviously of paramount importance and it should be noted that the decreased 
levels of space time lower the need for extensive periods of isolation and low gravity as well as 
exposure to cosmic and solar radiation. 
 
Plasma engines 
VASIMR heats hydrogen plasma to exhaust velocities up to 300 km/sec, producing a thrust with a 
specific impulse as high as 30,000 sec. A singe VASIMR vehicle is used to transport the surface system 
and return fuel to Calisto, while the tanker/cargo vehicle remains in orbit around Calisto, to be used as 
a fuel depot. The crewed VASIMR spacecraft is fitted with two TransHabs and condigurated with its 
main tanks arranges around the rotation axis. The two Trans Habs are connected by a tunnel so the 
crew can move between them.  
Solar sails, beamed energy, advanced chemical rockets, nuclear propulsion, fusion research, in drivers 
and antimatter rockets. These are the sort of topics that have been discussed at advanced space 
propulsion conferences for decades. In the late 1950s the talk was all about Orion, a nuclear-pulsed 
project that envisioned a crewed interplanetary spacecraft voyaging to Saturn by 1970, fueled by 
fission explosives against a ‘’pusher plate’’ connected to the spacecraft via a set of shock absorbers. 
The interplanetary Orion spacecraft had an empty mass of 10,000 tons to propel a 1,300-ton vehicle to 
Enceladus and back for 3 years. Nothing came of it. Then there was the release of Stanley Kubrick’s 
movie 2001: A Space Odyssey, featuring a spacecraft powered by a gas-core nuclear rocket and the 
discussion among propulsion experts focused on nuclear rockets for a while. The came antimatter.  
Mars in six weeks is the clarion call of antimatter researchers working on antimatter rocket concepts 
at Pennsylvania State University. The researchers based their work on the reaction of matter-
antimatter annihilation, which releases the most energy per unit mass of any known reaction in 
physics. Space Shuttle Main Engine (SSME) had a specific impulse (measure of efficiency) of 455 sec, 
fusion could generate 100,000 sec, and matter-antimatter could produce up to 1,000,000 sec. That a 
lot, but sounds too good to true. First, there is the problem of storing clouds of antiprotons and 
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antielectrons and then there is the problem of storing sufficient quantities; scientist have enough 
trouble storing just a nanogram of antimatter but, stuff to be useful for rocket scientist, at least a 
microgram is needed.  That is why the hope team decided to take a step back from the antimatter and 
consider a more realizable propulsion technology: the Variable Specific Impulse Magnetoplasma 
Rocket (VASIMR). Why plasma? Well, the short answer is speed. You see, rocket propulsion is simple: 
the higher the temperature of the gas forced through the exhaust nozzle, the faster the rocket goes. 
This is what engineers call specific impulse; the higher the specific impulse, the faster the rocket. The 
problem with conventional rockets is that their chemical rockets is that their specific impulse is low, 
but plasma versions get much hotter than conventional rockets, allowing plasma rockets to go faster 
on much less fuel.  VASIMR is designed to change its specific impulse to maximize efficiency and speed, 
much like the throttling capability of a car. 
 
 
The Variable Specific Impulse Magnetoplasma Rocket (VASIMR) is a high power, radio frequency-
driven magnetoplasma rocket, capable of Specific Impulse (ISP)/thrust modulation at constant power. 
The physics and engineering of this device have been under study since 1980. The plasma is produced 
by an integrated helicon discharge. However, the bulk of the plasma energy is added in a separate 
downstream stage by ion cyclotron resonance heating (ICHR). Axial momentum is obtained by the 
adiabatic expansion of the plasma in a magnetic nozzle. Exhaust variation in the VASIMR is primary 
achieved by the selective partitioning of the RF power to the helicon and ICRH system, with proper 
adjustment of the propellant flow. A NASA-led, research effort, involving several teams in the United 
States, continues to explore the scientific and technological foundations of this concept. 
Experimentally, high density, stable plasma discharges have been generated in Helium, Hydrogen, 
Deuterium, Argon and Xenon. (Velocity Phase Space Studies of Ion Dynamics in the Vasimr Engine, 
u.d.) (Bonsor, u.d.) (Seedhouse E. , 2015) (AD Astra rocket company, u.d.) 
 
How the engine works 
The building of a fusion-powered spacecraft would be the equivalent of developing a car on earth that 
can travel twice as fast as any car, with fuel efficiency of 7,000 miles per gallon. In rocket science, fuel 
efficiency of a rocket egine is measured by its specific impulse ( Isp). Specific impulse refers to the 
units of thrust per the unit of propellant consumed over the time. 
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 The plasma is mixture of electrons and ions. The VASIMR 
engine is a capable of exhaust modulation at constant power. The VASIMR engine is electrode less and 
contains no moving parts. It uses radio antennas as opposed to other plasma rockets using physical 
electrodes. The engine consist of  the following main sections : A helicon coupler used to produce 
plasma, a second coupler known as Ion Cyclotron Heating (ICH) for plasma acceleration and a 
magnetic nozzle for aligning the motion of the ions in order to obtain useful thrust. The engine consist 
of a covering made up of electromagnets, and a magnetic field links the three stages. The VASIMR is 
advantageous over other rockets because its life expectancy is increased due to the absence of physical 
electrodes and because every part of the engine is magnetically shielded from the plasma. Thus , the 
erosion of electrodes is avoided as is the wearing of the engine components. The thrust to specific 
impulse ratio can be controlled by selectively portioning the Radio Frequency (RF) power to the 
helicon and ICH couplers, along with the proper adjustment of propellant flow.  In stage 1, inert gas 
propellant such as helium or hydrogen is injected into the chamber. The helicon coupler emits Radio 
Frequency waves which convert the inert gas to plasma b ionizing it. The plasma so formed is known 
as ‘cold plasma’ and is approximately at a temperature of 60,000 Kelvin ( approximately equal to the 
temperature of the sun’s surface). Helicons are electromagnetic waves a frequencies of 10 to 50 MHz, 
which, in a magnetic field energize the electrons in atoms and thereby from plasma. 
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 In stage 2 , particles which were originally atoms are 
now replaced by charged particles, ions and electrons. These charged particles interact with the 
magnetic field produced by the electromagnets contained within the tube and can be viewed as a 
series of magnetic line passing through the rocket and the ions orbiting around each line. In stage 3 
another coupler known as Ion Cyclotron Resonance Heating (ICRH). Plasma is heated to high 
temperatures in this stage. ICRH heating has been chosen because it transfers energy directly and 
primarily to the ions, thus maximizing the efficiency of the engine. Here, radio waves generated by the 
coupler strike the charged particles along their orbits around the magnetic field lines at resonance, 
which causes further acceleration of the particles. In stage 4- Magnetic nozzle- As a result of the 
extremely high temperatures obtained in ICRH stage, thermal motion of the ions is perpendicular to 
the direction of motion of the rocket. Thus , in order to obtain useful propulsion, this perpendicular 
motion has to be converted to linear motion.  VASIMR is design to change its specific impulse to 
maximize efficiency and speed, like gears in a car. When a spacecraft is moving slowly, the VASIMR 
would create large amounts of plasma moving at a slow speed. As the spacecraft speeds up, less 
plasma is ejected from the engine, but at higher speeds. 
 
 
History of VASIMR engine, experiments and what has been achieved  
 In 1973 as a graduate student at the Massachusetts Institute of Technology, Franklin Chang Diaz 
studied behavior of superhot gases, called plasmas , as part of the quest for controlled thermonuclear 
fusion. 
1983: First VASIMR propulsion experiment was conducted at MIT on the magnetic mirror plasma 
device. 
1989: First VASIMR patent is acquired. 
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1995: The advanced Space Propulsion Laboratory (ASLP) was founded at NASA’s Johnson Space 
Center, in Houston. The first plasma experiment in Houston was conducted using microwave plasma 
source. 
1998 The first helicon plasma experiment was performed at the ASLP. A decision was made regarding 
the official name of the VASIMR engine and the VASIMR experiment (VX). The VX-10 operated a 
helicon discharge up to 10 KW RF power. 
2000: The VASIMR group was give the Stellar Award, a Rotary National Award for Space Achievement. 
2002: The third VASIMR patent is granted. The VX-25 and VX-50 operated to 25 kW and 50 kW power 
respectively. 
2007: The VX-100 VASIMR experiment demonstrates efficient plasma production with an ionization 
cost below 100 eV/ion. The plasma output is tripled over the prior record of the VX-50. 
 
2008: The large vacuum chamber becomes operational and VX-200i generates the first plasma in the 
new facility. NASA and Ad Astra sign the Space Act Agreement for a flight test of VASIMR engine 
onboard the International Space Station. 
2009: Record VX-200 performance 72% efficiency is achieved at 200 kW. (AD Astra rocket company, 
u.d.) (Bonsor, u.d.) (Seedhouse E. , 2015) 
In 2010 , the company put the prototype through a series of test to analyze power efficiency and 
performance to see whether the rocket could meet the performance milestones required for it to fly on 
the ISS. The test were a success, with the VX-200 setting new performance records Power (kW)-200, 
Thrust (N)- 5.7 Exhaust speed (km/sec) 50 and n( efficiency) 72% . The high power and efficiency 
demonstrated in the November 2010 tests had been one of the company's key objectives for the year 
and set the stage for a VF-200 preliminary design review (PDR) milestone meeting with NASA. The VF-
200 is the first engine that the company plans to fly in space and Ad Astra is working with the agency 
to interface the engine on an exterior portion of the ISS  in 2014.  
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The high power scalability of the VASIMR® engine favors this technology over competing electric 
thrusters for high power SEP applications. Its electrode-less design is expected to reduce 
component wear and increase lifetime. The engine has inherent high power density and high 
specific impulse (Isp) and no concerns for thruster scalability at total power of up to 1 MW. 
VASIMR® systems also use more economical propellants, such as argon (~$5/kg) and krypton 
(~$300/kg), than conventional Hall and ion thrusters, which operate with much rarer and 
expensive xenon (~$1000/kg). Such flexibility results in significant operational cost savings. 
 VX-200 performance data, (Inset: VX-200 engine, and VX-200 
plume at 200 kW). 
Future of VASIMR 
Ad Astra Rocket Company and NASA have successfully completed contract negotiations on the 
company’s Next Space Technology Exploration Partnerships award, announced on March 31, 2015, 
and now enter the execution of the project. The parties executed the contract , a three-year, fixed price 
agreement on August 7, 2015 for a total value over $9 million.  Under this award Ad Astra will conduct  
a long duration, high power test of an upgraded version of the VX-200 TM VASIMR prototype, the VX-
200 SS TM( for steady state), for a minimum of 100 hours continuously at a power level of 100 kW. The 
test will be conducted in Ad Astra’s large, state-of-the-art vacuum chamber in the company’s Texas 
facility.  Since its inception in 2005 was only private funding and enable the company to complete 
more than 10,000 successful high power firings, demonstrating the engine’s excellent reliability and 
performance. 
THRUST Specific Impulse( Isp) Efficiency 
6N 5000 sec 72% 
With no measurable signs of engine wear. 
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Hybrid engines (Medusa) 
Many of the concepts, which have been introduced, are about a single method – nuclear pulse 
propulsion, Jet fuel etc. But that isn’t the only way to do it. Instead of using only one method to get our 
spacecraft into outer space, we can use two methods. This is what we call hybrid ships. The reason is 
that by combining two ideas it might be possible to reach a higher potential for either of the methods. 
(Jackson, u.d.).  
An example of this is John Dale Solems Medusa. J. Solem was an American Theoretical physicist at Los 
Alamos. Working at Los Alamos he ended up working with Ted Taylor and furthermore on the Orion 
project. His work with the Orion project was one of the main things, which encouraged him to 
development of the Medusa for future interstellar probes. (Jackson, u.d.) 
The idea behind Medusa was a spacecraft, which will mimic the motions of a Jellyfish swimming 
through the oceans as it moves through space. He described it in a report Los Alamos report from 
1991. 
 
“One can visualize the motion of this spacecraft by comparing it to a jellyfish. The repeated explosions will 
cause the canopy to pulsate, ripple, and throb. The tethers will be stretching and relaxing. The concept 
needed a name: its dynamics suggested Medusa.” (Solem, 1991) 
Compared to “The Orion Project” the main difference is the way the ships will absorb the energy/use 
the energy. “The Orion Project” as former mentioned is working with a pusher plate that will absorb 
the force of the explosion and propel it forward. When we are talking about “The Medusa Project”, it’s 
not a pusher plate but a Canopy, a kind of parachute which will “catch” the energy of the explosion and 
accelerate the spacecraft. (Jackson, u.d.) It will be visualized later. 
The idea of the Medusa originated as mentioned from “the Orion Project”. The reason was that no 
matter how big the pusher plate, it could only receive a fraction of the momentum from the bombs. 
Furthermore, it had to be massive and so did the shock absorbers. The reason why Solem meant that 
the Medusa would be more efficient was that the sail could create a canopy, which could intercept a 
much larger angle from the detonation point compared to the pusher plate. Another positive about 
Medusa was the possibility of smoothing out the acceleration by using long, elastic tethers. (Jackson, 
u.d.) 
Solem also considered another version with a combination with tethers working with a servo winch in 
the spacecraft itself, a method with several advantages, which he mentioned in the Los Alamos Report 
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“When the explosive is detonated, a motor generator powered winch will pay out line to the spinnaker at 
a rate programmed to provide a constant acceleration of the space capsule. The motor generator will 
provide electrical power during this phase of the cycle, which will be conveniently stored. After the space 
capsule has reached the same speed as the spinnaker, the motor generator will draw in the line, again at 
a rate programmed to provide a constant acceleration of the space capsule. The acceleration during the 
draw-in phase will be less than during the pay-out phase, which will give a net electrical energy gain. The 
gain will provide power for ancillary equipment in the space capsule…” (Solem, 1991)below is the 
illustration of how the Medusa will work.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. At the moment of the explosion. 
2. As the explosion, pulse reaches the parachute canopy. 
3. Effect on the canopy, accelerating it away from the explosion, with the spacecraft playing out 
the main tether with its winch, braking as it extends, and accelerating the vehicle. 
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4. The tether being winched back in. Imagine all this in action and the jellyfish reference becomes 
clear. 
(Jackson, u.d.) 
 
Two problems have been mentioned about the Orion Project, but perhaps the biggest one is the 
radiation problem. However, Solem’s suggestion solved that problem by assembling the craft in space 
and probably launching it from one of the Lagrange-points. The Lagrange-points are points in an 
orbital configuration where a significantly smaller object affected only by gravity can maintain stable 
position relative to the two larger objects. In our galaxy five of these points occur, where three of them 
are unstable and two stable (NASA, u.d.) It will also be out of the Magnetospehere so none of the 
charged particles would be trapped into Earths bound-trajectories (Jackson, u.d.) (Solem, 1991) 
 
Different fuels 
Before we can start to compare the efficiency of fuels and engines we need a common factor by which 
to compare them. For this we can use the specific impulse; this is a calculation made by comparing the 
thrust of an engine to the weight of flow of the propellants and is measured in seconds. For example; 
the combustion of 6g of jet fuel would give roughly an ISP of 450s. This time could be described as 
‘hover time’ or the number of seconds the given mass can be kept in the air for. Obviously this will 
change relative to the amount of fuel used up in combustion and the mass of the ship but the Specific 
impulse is a good way of measuring the energy efficiency of fuels in engines. From here on we will use 
ISP as a measure of comparison when dealing with fuels and engines. 
Completely fissioning 0.057kg of materials in a nuclear reaction produces 4.18 x 10^12 J of energy and 
is the equivalent of 1 kiloton of TNT. (US Ton) 907 metric tons. This gives an ISP of 1.3 x 10^6 s from 
fissionable material and is roughly 7 orders of magnitude greater than combusting an equivalent mass 
of hydrogen and oxygen (jet fuel). Theoretically, the product kinetic energy from fusion of deuterium 
and helium-3 could yield an ISP that is almost twice as large at 2.2x10^6 s. So the potential for thrust 
from fissionable materials could be massive. 
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Physics 
Newtons 
 
Newton’s First Law 
 
“Everybody perseveres in its state of rest, or of uniform motion in a right line, unless it is compelled to 
change that state by forces impressed thereon”  
this law is usually known as the ‘law of inertia’ because it essentially stems from Galileo’s concept. 
(Newton, 1729) 
 
Newton’s Second Law 
 
“The alteration of motion is ever proportional to the motive force impressed and is made in the 
direction of the right line in which that force is impressed” 
This law is the more handy of the three laws as it allows us to quantify the changes in velocity and how 
that affects the force newton derived this from Aristotle’s 𝐹 = 𝑚𝑣 to give us the an equation relating 
changes in velocity rather than just velocity 𝐹 = 𝑚𝑎. (Newton, 1729) 
 
Newton’s Third Law 
 
A very common misconception is that rockets work by pushing back against air. This is a mistake as 
there is no air in space to begin with! Spacecraft’s work on the principle of Newton’s third law “For 
every action, there is an equal and opposite reaction” so spacecraft engines pump liquid hydrogen and 
liquid oxygen into the combustion chamber located at the base of the rocket. This mixture is known as 
a propellant and will be heated to a very high temperature and allow the hot exhaust produced to be 
released through a jet nozzle, this creates thrust. Liquid oxygen and hydrogen make for a more 
efficient and powerful propellant as opposed to solid reagents (Newton, 1729) 
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Newton’s cannon thought experiment 
 
You may be asking what keeps objects such as the moon and the space shuttle in orbit, it may 
also surprise you that we have had an understanding of how orbits work for the last 300 
years. If we look at ‘The Principia’ Newton’s scientific masterpiece, we see a beautiful drawing 
illustrated below. 
 
 
 
 
 
 
 
Fig. 3 illustration within the principia depicting the motion of a cannon ball fired from a high mountain. 
(Isaac Newton 1687) image found in  the Principia and public domain 
 
In Figure 3 we see “Newton’s cannon” a thought experiment as well as a visual essay on 
orbital motion. In this illustration Newton shows that orbital motion is just an object which is 
constantly falling back down. So imagine firing a cannon on top of a very high mountain about 
(103km). With small amounts of gunpowder the cannon leaves at a relatively small speed and 
may only land a few kilometres away. With more gunpowder the cannon ball travels further 
and we begin to see the curvature of the earth and the motion of the ball. 
 
In all the cases mentioned once the cannonball is fired it begins to fall back down to earth but 
if however the ball is moving fast enough, then as the ball travels down range across the 
curvature of the earth it will fall away at same rate and although the cannonball is falling it 
never gets any closer to earth. We say such an object is in orbit 
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So in conclusion the force that keeps the moon or the space shuttle in orbit is gravity because 
it is constantly pulling the object toward Earth.  
*Fig.3 The Principia (1687) http://www.kcvs.ca/martin/astro/au/unit1/45/chp4_5.html 
 
Calculating the period and orbital radius of satellites 
The velocity of an object in orbit can be found using the equation 𝑣 = √
2𝐺𝑀
𝑟
 the object travels 
around the entire circumference of the earth so 𝐶 = 2𝜋𝑟 and if r is the radius of the orbit in 
the period T, this means that the orbital speed must be 𝑣 =
2𝜋𝑟
𝑇
 combining the two velocity  
equations and re arranging to give the period gives us 𝑇 = 2𝜋√
𝑟3
𝐺𝑀𝑒
 where G is gravitational 
constant, r is the radius from earth and ME is the mass of the earth. 
 
In cases of stationary satellites they have a period of 24 hours the same as earth or 86,400 
seconds so now we can easily find the orbital radius of the satellite to stay in stationary orbit  
 
𝑟3 =
𝑇2𝐺𝑀𝑒
4𝜋2
 
 
So plugging in the numbers             =
(8.64×104𝑠)
2
(6.67×10−11
𝑁𝑚2
𝑘𝑔2
)(5.98×1024𝑘𝑔)
4𝜋2
 
                                                               𝑟3 = 7.542 × 1022𝑚3 
  
                                                               𝑟 = 4.23 × 107𝑚 
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This is the distance the satellite needs to be from the centre of the earth so we have to 
subtract the earth’s radius which is 6.38 × 106 𝑚 from the satellites distance from the centre 
of the earth and we get the value 3.59 × 107 𝑚 (Steve Holzner) 
 
 
Fig 4 visual illustration of a geostationary satellite image provided by Meteorological service Singapore 
 
This value is the distance from the surface of the earth that the geosynchronous satellites 
need to orbit. They orbit at the same rate as the earth is turning and they stay stationary over 
one particular area. It’s very hard to maintain this speed as other factors need to be 
considered so these satellites are loaded with gas boosters to adjust them from time to time. 
Fig 4 http://www.livephysics.com/problems-and-answers/classical-mechanics/find-speed-satellite-
geostationary-orbit/ 
Jet fuel propulsion 
 
The idea behind aviation flight is that aircrafts mix oxygen found in our atmosphere with fuel at a high 
temperature and a spark is usually required to ignite the fuel. The fuel used in commercial airplanes is 
known as jet-A fuel and contains kerosene with carbon numbers ranging from 8-16. ( Paul Walorski, 
B.A.) 
The problem lies in the fact that there is no air in space. So rockets have to carry their own hydrogen, 
oxygen and fuel. The most typical fuel used is known as RP-1 which is a highly refined version of 
kerosene, a close cousin of Jet-A fuel.  
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Rockets can travel in the vacuum of space whereas jet planes have a ceiling they cannot pass because 
of the lack of air. Airplanes need to ‘breathe’ to work(Union university 2002). 
To illustrate how a rocket functions let’s use diagrams like the ones in fig.2.1 to explain the basic 
components of a typical chemical rocket. The load is usually placed above the fuel and oxidiser tanks. 
As explained earlier a controlled explosion occurs and thrust is produced from the jet nozzles. 
The chemical reaction that occurs has H2O as a by-product. 
2 H2 + O2    2 H2O  
Fig 2  showing the formation of water                      
 
The balanced equation shows, two hydrogen molecules combine with one oxygen molecule to produce 
two molecules of water vapour. Most rockets use liquid fuels such as the mixture considered above 
while others like the NASA space shuttles use solid boosters to burn solid fuels. In general the liquid 
fuel is the more energetic and efficient fuel but they are hard to store both inside earth and out in 
space. Solid fuels are easy to pack but once the ignition of the fuel is started it can’t be stopped until all 
of it is used. Hence solid fuels are great for the initial thrust when you want to escape earth’s 
gravitational pull but not so much when travelling in space. 
The engineers behind some of the world’s largest rockets like the Saturn V rocket optimise and 
produce some the most complex plumbing systems used to produce thrust in the rockets. They also try 
to minimise the mass of the rocket, fuel mass and the payload faring which protects the payload as the 
rocket leaves the atmosphere.  
Combustion chambers must also be low in mass, temperature resistant and able to withstand the 
pressures of the expanding, ignited fuel mix. A lot of money has been used to push the amount of 
metres per second out of the rockets exhausts velocity. 
The very well-known chemical combustion system involving liquid oxygen/liquid hydrogen used 
aboard the American space shuttles and the European Ariane launchers can at most exhaust a velocity 
of about 4.5km/s. compared to the escape velocity needed to leave earth’s gravitational field its almost 
40% of that amount. (Vulpetti et al. 2015) 
For our space craft to leave earth’s gravitational pull, without using any of its propulsions it would 
have to travel approximately 11km/s.  
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The next step is to calculate the weight of our rocket and whether we will be carrying any extra 
supplies for the journey to work out how much energy we need. Let’s take the Saturn v rocket as an 
example of the greatest weight of a rocket that could do manned missions. 
Saturn v rocket weighed about 2.8 million kg the same weight as roughly 400 elephants and generated 
a thrust of 34.5 million Newtons. We can calculate the kinetic energy that was needed to lift this rocket 
by a simple calculation (Sandra May 2015) 
𝐾𝑒 =
1
2
× 2800000 × 11185.81092 
𝐾𝑒 = 1.75 × 1014 𝐽 
 
We have established the main differences between these two fuels, and that RP-1 fuel is the logical fuel 
to use when travelling to space. Let us move on to working out the speed we need to travel to escape 
earths gravitational pull also known as ‘escape velocity’  
 
 
Escape velocity 
Escape velocity can be described as the minimum velocity needed to leave the gravitational field of a 
planet in our case earth. The equation we use is derived from kinetic energy and gravitational 
potential energy. 
The total minimum escape velocity possible is 0 so  
 
 
 
Ke + Gpe =0 
1
2
𝑚𝑣2 −
𝐺𝑀𝑚
𝑟
 = 0 - Gpe is negative because we are going in the opposite direction 
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𝑣2
2
−
𝐺𝑀
𝑟
= 0  The masses in the previous equation cancel each other out 
𝑣2 =
2𝐺𝑀
𝑟
  Take the square root to get rid of the 𝒗𝟐 
𝑣 =  √
2𝐺𝑀
𝑟
 * The general equation for escape velocity 
 
To find the escape velocity for earth we insert (M) mass of the earth = 5.98 × 1024 kg 
Radius of the earth = 6.3781 × 106 m 
Gravitational constant = 6.6726 × 10−11 
𝑁𝑚2
𝑘𝑔2
 
𝑣 = √
2 × 6.6726 × 10−11 × 5.98 × 1024
(6.3781 × 10^6)
 
  
𝑣 = 11185.8109 𝑚/𝑠  
 
How to reach escape velocity 
We have explained how escape velocity is derived and have worked it out to be approximately 11.2 
km/s but our spacecraft did not initially start out at this huge velocity. Its initial velocity was 0 so in 
order to achieve 11.2km/s we need to overcome Earth’s gravitational pull of 9.81 m/s^2. Let’s look at 
a real life event such as the Saturn V launch. 
Saturn V was designed to fly three Apollo astronauts to the moon and back. It made its first unmanned 
test flight in 1967. Every part of the giant rocket was used and thrown out during the mission. Only the 
command module was intended to survive. The mission was separated into different stages starting 
with the lift off 
Lift Off 
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Fig 3 and 4 Showing the launch of Saturn V rocket and the 5 F-1 engine used during the launch 
The first stage carried 770,000 litres of kerosene fuel and 1.2 million litres of liquid oxygen 
needed for combustion. 
At the lift off stage the total mass of the Saturn V rocket amounted to about 2.9 million 
kilograms making it the heaviest rocket in history. From this value we can work out its weight 
as 2.9 × 106 × 9.81 = 28 × 106𝑁 . This is the force needed to be overcome to lift the rocket 
into space. 
The first stage consists of five F-1 engines. The propellant or fuel used for the F-1 engine is 
RP-1 (kerosene) with liquid oxygen as the oxidiser. These are stored in large tanks on the first 
stage engines. Each of the F1 engines can produce a forward thrust of 6.8 × 106 𝑁. So the total 
thrust of the first stage engines is 
 Ft =  5 × (6.8 × 106𝑁) = 34 × 106 𝑁  
The upward thrust of the 5 engines is greater than the downward weight of the rocket. So the 
net up force at launch is: 
FN = 34 × 106𝑁 − 28 × 106𝑁 = 6 × 106 𝑁 
Therefore using Newtons second law of motion 𝐹 = 𝑚 × 𝑎 we can find the initial acceleration 
at launch  
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𝑎 =
𝐹𝑛
𝑚
=
6 × 106𝑁
2.9 × 106𝑘𝑔
= 2.1 𝑚𝑠−2 
 
 
 
 
 
At about 35 seconds into the flight, a huge amount of fuel has been consumed which has 
caused the acceleration to double to 4.2 ms^-2. 
The astronauts aboard the rocket experienced a G force of 4.5 G or 4.5 times the force of 
gravity. At 2.5 minutes into flight after rising to a height of 61.2 km The fuel and oxidizer in 
the first stage have been exhausted and the first stage engines start to shut off so they are 
released and burn up while dropping back through the atmosphere 
The mass of the rocket has been reduced to 30% of the original mass and the velocity of  
Saturn V has reached 2800 m/s. this marks the end of the first stage and so it is dropped off 
reducing the mass to 25% of its original value. 
 
Second stage   
The second stage of the mission has another 5 engines known as J-2. It is comprised of liquid 
hydrogen as the fuel and liquid oxygen as the oxidiser. Each J-2 engine is capable of producing 
1 × 106𝑁 of thrust so all 5 must produce 5 × 106𝑁 of thrust. This is significantly smaller than 
the first stage thrust of 34 × 106𝑁 but because the current rocket is much lighter than before 
and has momentum, this thrust is sufficient.  
The second stage engines will burn until 6.5 minutes into the flight at which point the 
spacecraft will be travelling at 7000 m/s as it approaches low earth orbit (LEO). The second 
stage has been exhausted and is dropped off. 
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Fig.7 showing the relative heights of the two engines used in stages  
 
Third stage 
After the second stage is dropped off we are left with a single J-2 engine which will be used for 
the third stage. As mentioned before it is capable of producing a thrust of 1 × 106𝑁. This will 
take the Saturn V to its escape velocity of 11.2 km/s. after the third stage is dropped the mass 
has been reduced to about 5% of its original launch mass 
 
 
 
 
 
 
Fig.5 Command module of Saturn V 
entering the moon  
After the three stages are complete and 
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escape velocity has been reached to get to the moon. The spacecraft starts to lose velocity, but 
with the help of the moons ever increasing gravitational pull and the inertia of the spacecraft. 
The Saturn V rocket is on its way. A few minor corrections on the angle of landing will be 
made using a hypergolic propellant. When the fuel and the oxidiser mix an immediate 
combustion occurs. 
 
Specific impulse of chemical rockets 
Specific impulse is a great way to find out the thrust of a rocket as it will be explained in 
greater detail later on. If we know certain factors like the weight flow rate through the nozzle 
(in seconds). It is also an indication of engine efficiency. The higher the value of specific 
impulse the greater the efficiency. Therefore we can calculate the specific impulse of a 
chemical rocket and compare the values with other alternative rockets and eventually come 
to a conclusion using a table. (Tom Benson 2008) 
 
Fig 6. Picture showing how specific impulse is derived  
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Using the given formula from the above picture we can easily work out the specific impulse of 
Saturn V rocket. The first stage thrust of Saturn V was about 33,000 KN and when placing all 
the values needed into the ISP equation we get. 
𝐼𝑠𝑝 = 263 𝑠𝑒𝑐𝑜𝑛𝑑 
 
Momentum in space 
Along with conservation of energy and conservation of mass. Conversation of momentum is a 
fundamental concept in physics. Momentum is defined as the mass of an object multiplied with the 
velocity of said object. The conservation of momentum states that ‘momentum is neither created nor 
destroyed but only changed through the action of forces’ as described by Newtonian laws of motion. 
Momentum is more difficult to deal with than mass and energy because it is a vector quantity having 
both magnitude and direction. Momentum should be conserved in the x, y, z planes (3D planes) at the 
same time. 
 
Specific impulse 
To measure rocket performance, engineers use an index of thrust that's known as specific impulse 
(ISP), which is calculated by dividing the exhaust velocity by the acceleration of gravity at sea level 
(9.8 m/sec). Specific (the word "specific" just means "divided by weight") impulse basically represents 
the change in momentum (the impulse) per unit of propellant used, usually given in kilograms. The 
higher the specific impulse, the less propellant is needed to gain a given amount of momentum, so a 
propulsion system with a high specific impulse is more propellant-efficient, but this should not be 
confused with energy efficiency, which can even decrease as specific impulse increases. That's because 
propulsion systems that give high specific impulse require high energy to do so. It's also important not 
to confuse thrust with specific impulse; specific impulse is a measure of the impulse per unit of 
propellant expended, while thrust is a measure of the peak force supplied by the engine. In rockets, 
due to atmospheric effects, specific impulse varies with altitude (Seedhouse E. ) 
 
G-force 
G Force calculations 
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Gravity, or ‘G force’ is the acceleration on a person’s body caused by a combination of the earth’s 
gravitational pull and an external mechanical force such as that of the thrust of a jet engine. G force in a 
car acts upon a person in 2 dimensions, we only travel forwards and backwards, the upwards and 
downwards part has very little effect on our bodies. In flight though, g force acts upon a person in 3 
dimensions, the x,y and z axis. The acceleration acting upon a person in the z direction causes blood to 
rush away from the brain and to the feet, causing ‘g loc’ or a loss of consciousness. Pilots are equipped 
with air bladders that force blood from the lower extremities and trained with specialized breathing 
and tension techniques in centrifuges to withstand forces of up to 9g’s (or 9 times the force of gravity). 
Although some pilots are able to be trained to withstand this, most cannot and it is at this point of 
human limitation that we must work. At the point of 9 g’s and above the blood will rush away from the 
brain depriving it of oxygen and causing a blackout. The heart can no longer pump blood around the 
body anymore and the vital organs, starved of oxygen will begin to fail.  
During a space shuttle launch, astronaut’s experience no more than 3gs of force as the rockets cargo 
limits the total acceleration The speed it reaches, whilst being very fast in order to escape the earth’s 
gravitational pull, is restricted by the mass of the vessel, so the astronauts are relatively safe compared 
to jet pilots! 
The g force at the edge of a nuclear explosion, tolerable by a spacecraft is in the region of 100 g’s; this 
is what was derived from the calculations done by the Orion project crew. The weight is unlimited in 
this case as we found earlier. However, as we have seen earlier, there is a critical limit for the human 
body. The Orion project proposed a ‘pusher plate’, a device that could absorb the momentum of the 
blast and convert it into thrust at a safe level of acceleration. This is an important factor for future 
research into space crafts with highly accelerated velocities. 
 
Nuclear theory 
Nuclear Reactions 
There are two main types of nuclear reactions that science has cultivated for fuel. The first; nuclear 
fission: probably best recognised in the splitting of the atom to create an atomic bomb that wiped out 
Hiroshima and Nagasaki during the 2nd world war. During a nuclear fission reaction a small amount of 
a heavy element (one containing a large number of protons and neutrons) such as Uranium 235 is 
bombarded with neutrons to destabilise the nucleus. This causes the components to split from each 
other, releasing energy, fission products (smaller elements such as Krypton and Barium in the case of 
Uranium) and other neutrons as they do. These extra neutrons then collide with the other Uranium 
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235 nuclei and trigger a chain reaction releasing more and more energy. This is known at the critical 
point, the chain reaction sustains itself and propagates Omni directionally throughout the material.  
 
Roughly 85% of this energy is released in the form of light and heat as well as air blast energy and 
shock and it reaches temperatures much greater than conventional explosions. The rest of the energy 
is released as radiation, estimated at around 5% from the initial gamma rays and neutrons released 
from the reaction and the rest is known as fallout, which is the residual debris left behind.   
The first of the two atomic bombs released was a mass of 64kg, of which only 1kg went critical 
releasing a total of 64 Terra Joules of energy or the equivalent of 15-20 kilotons of TNT (1 Kiloton is 
1000 tons). The blast radius covered approximately 2-3 miles and killed between 60-70,000 people, 
seriously injuring 60,000 more. It’s difficult to visualize this energy, so below is a picture of what New 
York city would look like if little boy had of been dropped there. 
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The second type of nuclear reaction is that of Nuclear Fusion. In this reaction, several atomic nuclei are 
accelerated towards each other at high speeds, or compressed until they combine to form a new 
nucleus. In this reaction some energy is released as matter in the form of photons. This reaction is best 
cultivated for energy using elements with low masses and low binding energies (binding energy is the 
energy require to overcome the nuclear forces that counter the combining of particles) such as 
Hydrogen and Helium. A natural example of a fusion reactor is the sun which is constantly fusing 
hydrogen from single protons into the isotopes deuterium and tritium. These isotopes are also then 
fusing into Helium. 
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There are several ways to create a fusion reaction but we will focus only on the most relevant to our 
project. When a gas is heated to an extremely high temperature 9several million degrees) or subjected 
to a very strong magnetic field it can form a plasma. Plasma is the fourth state of matter where there is 
an increase or decrease in the number of electrons present creating large numbers of electrically 
charged ions. Plasma is extremely conductive to electricity but does not hold its shape unless 
restricted by a container. As the ions bounce around and collide they fuse, overcoming the natural 
repulsive forces by the extreme speeds at which they travel. This combination releases energy in the 
form of light, heat and new heavier elements.  
The idea of using fusion for fuel being that the super charged gas is kept in the plasma state using 
super cooled magnets to generate the electro-magnetic field, thus releasing its energy and potentially 
providing thrust or power to an engine. Most recently Germany have neared completion of the 
stellarators, a donut shaped reactor that contains a plasma within a strong magnetic field. As the 
protons combine energy is released, collected and converted into other forms. This is the type of 
reaction that could power a spaceship! 
 
Discussion 
 
Comparison 
 
Below is a table comparing the 3 main types of fuel that, at this point, could be considered realistically 
viable to use in space propulsion. The selected categories were chosen to illustrate the fuels various 
strengths and weaknesses. In the table, the figures for the chosen fuels have been specifically the best 
available, rather than outlining the varieties within each category. For example the difference between 
thrust to weight ratios for jet engines and jet fuels is usually between 0.2 – 1.2 from Concorde at the 
bottom to the f-jet fighters at the top end. The top figures will always be used to illustrate the 
comparisons. 
Rocket fuels (which are very similar to jet fuels, utilizing a mixture of Oxygen and hydrogen gases) 
range from the early Russian launched models at a thrust to weight ratio of around 5 right up to 
SpaceX’s merlin model engines achieving a ratio of 170. The Saturn v rocket provided a thrust to 
weight ratio of 95. 
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Although nuclear fuels have never been properly tested in this context, we can calculate the thrust to 
weight ratio with a simple equation. Dividing the (theoretical) thrust by the weight, multiplied by the 
gravitational constant we get a thrust to weight ratio. In the example of project Orion, miniaturized 
nuclear bombs weighing around 10g of fissile material would be detonated at time and altitude 
sensitive points until escape velocity is achieved. Orion showed that the accumulated thrust was not 
weight dependent but using a rough calculation using the average weight of a spacecraft at 9 tonnes 
(9000kg) we can get an idea of the thrust to weight ratio potentially achieved by a nuclear fuel. The 
cumulative total of this is difficult to calculate but using the first atomic bomb as an example, in which 
64 terajoules of energy was released by 64kg of fissionable material we can split this down and work 
out a figure. This is the figure we will be using, 10g of fissionable material over 9000kg of mass.  
It is also difficult to calculate the efficiency of the fuel as a lot depends on the ability to fission the 
material, based on the atomic bomb at Hiroshima were only 1kg of the 64kg turned critical then we 
have a very low efficiency rating but using modern techniques to improve this figure, we can look at 
something closer to a criticality rating of around 30-40% combustion providing a much greater energy 
release.  
Finally the plasma fuel, again a theoretical calculation with a slightly heavier load owing to the extra 
mass required to create a nuclear fusion/plasma generator we get an idea of the thrust potential.  
 
Table 
Type Thrust to weight 
Ratio* 
Specific 
impulse (s) 
Nuclear 11000 30,000-100,000 
Plasma 5000 3000-12,000 
Rocket fuel 5 200-400 
Jet Fuel 1.2 10-25 
 
*Thrust-to-weight ratio is a dimensionless ratio of thrust to weight of a rocket, jet engine, propeller engine, or a vehicle 
propelled by such an engine that indicates the performance of the engine or vehicle. 
The instantaneous thrust-to-weight ratio of a vehicle varies continually during operation due to progressive consumption of fuel 
or propellant and in some cases a gravity gradient. The thrust-to-weight ratio based on initial thrust and weight is often 
published and used as a figure of merit for quantitative comparison of the initial performance of vehicles. 
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Society 
Survey results 
The western Society’s view on Nuclear Energy 
 
The science of atomic radiation, atomic change and nuclear fission are relatively new 
discoveries/Inventions. (Outline History of Nuclear Energy, 2014) Beginning in 1895 with the 
German Physicist, Wilhelm Röntgen discovering ionizing radiation, by passing an electric current 
through a glass tube and producing continuous X-rays. (Outline History of Nuclear Energy, 2014) 
After this discovery, the interest escalated quickly. First with Henri Becquerel discovering 
Pitchblende causing a photographic plate to darken, then the work of Pierre and Marie Curie. 
(Outline History of Nuclear Energy, 2014) 
 
All in all this field of science was developed from 1895 as formerly mentioned and until 1945, 
especially the last 6 years had a big impact in the development ending with the bombing of 
Hiroshima and Nagasaki. (Outline History of Nuclear Energy, 2014)  
A lot had happened since – both good discoveries and terrible incidents, which all have affected 
society’s view on Nuclear Power. In the following chapter, society’s view on Nuclear power will be 
the focus, comparing different generations’ viewpoints, looking at accidents and new discoveries. 
All this will end out with a comparison of a survey of today’s view on Nuclear power. The sources 
and data in the following will be from United States and in few cases from UK. The reason to this is 
the amount of sources is incredibly low and the only sources to be found are from these areas. 
Therefore, in some cases our own survey could be misleading considered that most of the 
participators are of Danish descent. However, this will be the view of the western civilization and 
in most cases, it will be possible to transfer the viewpoints. 
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Instead of beginning with the first discovery, when the field was quiet unknown. We will look at 
some of the biggest incidents in Nuclear energy’s history, which will be the base of each of the 
main periods: The Early Nuclear Tests, the Chernobyl Disaster, Fukushima I Disaster and Today.  
The first nuclear 
test ever was the 
“Trinity” test, 
which was a part 
of the famous 
Manhattan 
Project. 
(History.com 
Staff, 2010) The 
test was done on 
16 July 1945, 
only 3 weeks 
before the 
bombing of 
Hiroshima and Nagasaki. (History.com Staff, 2010)  
After the bombing of Hiroshima and Nagasaki a certain feeling of superiority. The feeling that they 
were invincible again upon the “Pearl Harbor attack”. However, it suddenly stopped with the cold 
war escalating and the beginning of the Korean conflict. These events led to a major increase in 
research of nuclear weapons. Both for the States and for the Soviet Union. (Murray & Kleinfeldt) 
The above shown picture is a picture from “Bulletin of Atomic Scientists” which shows “the 
doomsday clock”. The doomsday clock is imagery tool used to show how close earth is to a 
technology-induced catastrophe. (Murray & Kleinfeldt) In the years after World war II, the 
doomsday clock was changed a couple of times from 23:53 in 1947 to 23:57 in 1949 as the above 
picture shows and then to an all-time low in 1952 with only 2 minutes to midnight after the 
revealing of H-bombs (Murray & Kleinfeldt)  
 
1Bulletin of the Atomic Scientists - Doomsday clock 
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In these years, the Americans began to fear for a new war - a nuclear war. They began to build 
safe houses/rooms near their homes, to hide in if a nuclear war will breakout. On top of these 
announcements with the doomsday clock and the knowledge of a foreign country which rearms. 
The next decades were filled with a parted country, which were split into two – those who 
advocated for it and those who were against. (Public Attitudes Toward Nuclear Power) 
This were the case until 28. March 1979 in Dauphin, Pennsylvania, which were the date and place 
of the infamous Three Mile Island Accident (TMI). (Public Attitudes Toward Nuclear Power) TMI is 
the biggest western nuclear accident, which have happened yet.  
 
In the years up to the TMI accident most of the Americans were in favor of building more Nuclear 
Powerplants and it was a rather big difference. In 1970 through the mid-70’s the opposing level 
averaged around 25 to 30 percent. Thus, a majority of the public were in as formerly mentioned. 
As we see on the graph, the population that were in favor had a fixed level around 50 percent, 
which after TMI fell remarkably to only 40% right after the accident. The following months the 
level rose back again, but the opposing level had never been so high and kept rising the following 
years. In these years the 60% in favor was turned into 60% opposing. In this decade the states took 
action by introducing several laws in different states fx. In California in 1976 as shown below, 
which was the first to implement it. (Public Attitudes Toward Nuclear Power) 
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The following years more states followed the lead of California. The number rose to 11 states in 
1983 with Connecticut as the last one.  
 
The next big event happened approximately three years after Connecticut had joined the other 10 
states, in 1986. This event happened in a whole other part of the world, more accurately 
Chernobyl in the former Soviet Union. The accident is maybe the most infamous accident in the 
whole history of Nuclear Energy and the most influential. (Public Attitudes Toward Nuclear Power) 
This event occurred in one of the “hottest” periods of the cold war with only 3 minutes to 
midnight on the doomsday clock the same as right after World War II, as the graph below shows. 
 
2 A graph showing "Bulletin of Atomic Scientists" doomsday clock from 1950-2015 (Randall, 2015) 
The accident happened in the rather closed Soviet Union, which was the reason that accident was 
not revealed for the rest of the world until 2 days after it occurred. (ABC News, 1986) For the 
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outer world, the first signs of the accident was abnormal high levels of radiation in the 
Scandinavian countries. The levels of radiation were lowest in Norway, with a radiation level, 
which was 50% higher than the normal. (ABC News, 1986) 
The accident affected the American population in negative way in relation to nuclear energy, 
which were shown quite obviously in a survey published by Washington Post-ABC on the 24 may 
1986.  The survey showed that 78% percent of the participants were against constructing more 
nuclear power plants. (Park, 1989) The number in itself is meaningless, but comparing it to other 
surveys done in previous years the answers is evident. In 1983 the number was 65% and in 1985 
67%. Furthermore, the poll also showed that 40% wanted the existing power plants phased out. By 
looking at these numbers, it is easy to see the impact Chernobyl had on people’s opinion in 
relation to nuclear energy.  
A lot of nuclear testing all over the world marked the next 10 years. From the states to Pakistan 
and India ending on the 10th of September 1996 with the Comprehensive Nuclear-test-ban 
Treaty(CTBT), which as it says is a treaty against nuclear testing. The treaty is a further 
development of the Partial test ban treaty from 1963 (CTBTO, u.d.) 
The treaty was a distention from the United Nations General Assembly, which came after 50 years 
with approximately 2,044 known nuclear tests. (Kimball, 2013) However, it has not entered into 
force due to non-ratification of eight specific states, which both China and USA are in between. 
After the proposal, only nine nuclear has happened pr. 2015 (Kimball, 2013), which shows the 
impact of the treaty even though it have not entered into force yet. It have only been North Korea, 
Pakistan and India, who have practiced nuclear test. They are all three part of the 8 non-
ratification countries.  
 
The Following 15 years did not bring any noise in relation to nuclear energy. The next big thing to 
happen was Fukushima-disaster, which was a tsunami caused meltdown happening on the east 
coast of Japan the 12th of march 2011 in Fukushima. (Newport, 2012) A disaster, which was similar 
in many ways to the Chernobyl-accident with nuclear meltdown though no fatal injuries. 
(Newport, 2012) 
With this in mind, it would be common to assume that this accident will have the same impact on 
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the populations view on nuclear power as the Chernobyl one. But no, the impact was not as big as 
expected with only a decrease of 5 percent compared to the 11 in 1986 after Chernobyl. 
(Newport, 2012) Looking at the graph below it is easy to see the increase and decay of people in 
favor and opposing. Despite the decay, it is not anything unusual. By looking at the graph it is 
shown that, the graph have been roaming around the same numbers for almost two decades. 
With that in mind, the decrease is nothing remarkable 
 
3Graph showing Americans opinion in relation to nuclear energy anno march 2011 (Newport, 2012) 
Furthermore, another survey done by Gallup accentuates the lack of change in people’s opinion after the 
Fukushima-disaster  
  
4Table showing Americans opinion according to safety of Nuclear power (Newport, 2012) 
These numbers supports the former shown graph and shows that the impact of the Fukushima-disaster in 
relation to the population has been minimal to non-existing. Comparing them to the other incidents 
mentioned, this is by far the least impactful incident with no visible change. 
 
The last part in this chapter is going to be the comparison with our own survey. This survey has been done 
using the website Surveymonkey to share it.  After the survey had been posted on Facebook and other 
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social Medias.  
It contains five questions – 2 closed ones and 3 open ones, which are in the appendix with the answers.  
In the following, the focus will be on the three closed ones as it is possible to measure them due to multiple 
choices. However, the two qualitative questions are not without any importance, but they are not 
measurable in the same way as the closed ones and therefore not comparable to the former mentioned 
data. 
The data in the following is vague, because the number of responses only reached 12 and furthermore the 
participants are part of friend list on various social medias, so the answers could possibly be biased with 
their background, culture and so on in mind. Despite all this, we have chosen to put it in for the 
comparison. 
 
Question 1.  
 
Looking at the first question, the opinion of the test group is quite evident with an astounding 58% 
opposing to 25 in favor of nuclear power. These numbers are in some way remarkable when comparing 
them to the numbers from right after the Fukushima-disaster, which showed the complete opposite figures 
and are more similar to the polls, which were made after Chernobyl. As formerly mentioned these numbers 
should be taken with a grain of salt, because of the lack of participants  
Question 2. 
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This question was a follow up for the first one, to get an idea of why people have certain opinions. The idea 
behind this question was to check if there were any repeats, but with the few answers, we got this 
comparison would not give any proper information, though the answers will be in the appendix 
 
Question 3. 
 
 
The next questions is not comparable to the other ones because of a whole other focus. Our main focus – 
nuclear Pulse Propulsion. The answers in this question might have been affected by our previous 
presentations as some of our participants have been attending these.  
However, the numbers shows us that they are pretty even with a slight advantage to the no side. Thinking 
about the participants have been nature science university students, it is fair to assume that for the 
common population the no side would have bigger lead. 
This gives on an idea of how unknown this science really is and maybe why it has not been funded yet. 
These are all speculations, which we cannot get a proper answer for. 
 
Question 4. 
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The case with this question is the same at the second one, our lack of participants have removed the 
meaning of the question, but the answers will still be in the appendix for curious souls 
 
Question 5. 
 
Despite this question being a rather open one, there is an aspect in which closed. Eight of the 12 
participants were in favor of finding another fuel than nuclear fuel with only three in favor of 
nuclear fuel. As the third question, this is some remarkable answers considered that the 
participants are Scientific students.  
 
 
All in all our own data is vague, because of the lack of participants. 100, maybe 200 would have 
given a picture, which have been more useful, while this small group’s opinion are narrow.  
However, looking through opinions in relation to nuclear energy through the years, have given a 
view of opinions, which are affected by big incidents in short time intervals, but after some time 
they are back as they were before.  
When looking at in relation to nuclear pulse propulsion, the odds’ for Nuclear Pulse propulsion to 
have a breakthrough is quite low. Why? 
First of all the CTBT, which is the first barrier to overcome to even use nuclear bombs, which might 
be easier said than done, considered that it is an international treaty. 
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Second – environment activists, which have not been mentioned here, but which is common 
knowledge, with all the fallout, which is produced by nuclear power that you cannot be without 
them. 
Third and last – the population. The space agencies have to persuade the population, to even 
launch something that “dangerous” into sky, which can harm so many people if something goes 
wrong. 
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Conclusion 
 
We have seen the potential of these engines and methods of fuel ‘creation’ and what they could 
provide in terms of ISP and hopefully space travel. However, the relatively new technology and 
difficulties associated with harnessing its potential should surely be mastered on the earth before 
space travel can be actively considered and pursued. Harnessing such power in a land based generator 
is difficult enough without launching one of these ‘plasma engines’ into space.  
The VASMIR project has recently been awarded a grant by NASA and will aim to create an engine 
providing thrust once above the gravitational pull of the earth. They have set themselves a target of 
reaching Mars in 39 days, potentially achievable. At the moment this is the front runner for nuclear 
propulsion in space, it is a funded reality that has the potential to utilize fusion technology in the 
plasma engine to further broaden the boundaries of human exploration in space. 
The main drawbacks for projects like these has been the initial launch of a craft, this is the process that 
takes up the most amount of work, fuel and strategy to perform. Orion showed us that the power of a 
nuclear explosion has the potential to be harnessed for space exploration although better application 
may be toward unmanned flights were the high ISP and thrusts are not compromised by the fragility of 
human presence. The ultimate failing of project Orion lay in its lack of application, it just wasn’t 
required to launch huge payloads into space with such force at the time of its development. However, 
the ever growing threat of annihilation from asteroids is a problem that Orion may be suited to 
tackling. Its technology was later taken on by NASA and funded for several years with the goal of using 
it on the Saturn V rockets, despite this never materializing the project is not forgotten and the valuable 
research may one day be a guiding light to future space exploration. 
The Medusa project, whilst a long way from conception and testing is another example of theoretical 
research laying a groundwork for future generations to explore and develop. Its ideas have provided 
more fruitful paths for potential development in the future. Much like the hybrid engine of VASMIR, 
Medusa’s ‘Umbrella’ technology has shown us more efficient ways to utilize thrust propulsion in space. 
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